Robert Sablowski (John Innes Centre, Norwich, United Kingdom) and his group are investigating aspects of "stemness" that are shared by animals and plants. They have used gene profiling to identify new genes enriched in the stem cells of shoot apical meristems and in stem cell populations of the mouse. Using PSI-BLAST analysis, certain genes emerged whose expression is shared by both plant and animal stem cells. Annotation of these genes revealed that they encode cell-cycle regulators, DNA-repair proteins, and chromatin-remodeling factors. One of the more intriguing of these shared genes encodes an essential protein with a functional thioredoxin domain expressed in inflorescence and root meristems. Sablowski's group is now investigating whether this protein, which might protect against oxidative stress, is an essential feature of stem cells. The genetic and biochemical tools generated in Gutiérrez 's lab can now be adopted to study regulation of the G1/S transition in stem cells. Arp Schnittger (University of Cologne) addressed the association of DNA endoreduplication with cell-fate determination and terminal cell differentiation. These investigators blocked DNA endoreduplication in polyploid leaf hairs (trichomes) by driving expression of the CYCLIN D1 and D3 genes from a late trichome promoter, resulting in the formation of multicellular yet correctly specified trichomes. However, when the CYCLIN D1 and D3 genes were driven from an early promoter, no trichomes were specified. Thus, at critical time points during development, the cell cycle is able to influence cell specification. When the KIP-RELATED PROTEIN 1 (KRP1) was misexpressed in trichomes, this protein moved to trichome-neighboring cells and induced premature DNA endoreduplication without interfering with their acquisition of a trichome cell fate. Highly endoreduplicated cells surrounding trichomes that misexpress KRP1 could re-enter the cell cycle and produce stomata (Weinl et al., 2005) . Hence, endoreduplication is not irreversibly linked to terminal differentiation.
Introduction
Stem cells have two key characteristics: the ability to form many differentiated cell types and the ability to self-renew such that one daughter cell remains a stem cell. Elucidating how populations of stem cells renew themselves while sustaining the formation of new tissues is crucial if we are to understand the development of multicellular plants and animals. The concept that cells surrounding stem cells create a unique microenvironment that acts as a 'niche' to maintain and nurture the stem cells was formulated long ago (Schofield, 1978) . However it is only recently that studies on tractable stem cell populations in vivo, such as the Drosophila germline, have confirmed the existence of these niches and their importance for stem cell maintenance.
The study of plant stem cells has had a somewhat chequered history. It has long been known that plants contain "initial" cells in zones of cell division within their growing tips. Yet, curiously, these initial cells often were not considered special because of the exaggerated claim found in many textbooks that all plant cells are totipotent. Plant developmental biologists long ago accepted that plants have stem cells whose differentiating daughter cells can revert back to a stem cell fate under certain situations. However, it is only recently that the notion of stem cell reversal has been recognized for animal stem cell populations . The discovery of "organizing" cells in close proximity to plant stem cells (van den Berg et al., 1997) has led to the realization that stem cell niches are found in both plants and animals, even though the multicellular states of plants and animals evolved independently. The characteristics that make plant stem cells unique as well as the similarities between plant and animal stem cells provided an exciting focus for the recent Juan March Foundation meeting.
Plant Stem Cells
Plant stem cells were introduced to meeting participants by Ben Scheres (Utrecht University) with a description of those in the root tip of the model plant Arabidopsis (see Figure 1) . Regular cell division patterns allow the unequivocal identification of all stem *Correspondence: b.scheres@bio.uu.nl cells that produce the tissues of the plant's root. Quiescent cells in the center of the root's stem cell population are required to maintain the stem cell state (see Figure 1) , reminiscent of the stem cell niches found in animal systems. The SHORTROOT and SCARECROW plant-specific transcription factors specify the position of quiescent cells along the radial axis. In contrast, two PLETHORA proteins, containing plant-specific DNA binding domains, specify the quiescent cell and stem cell region along the proximo-distal axis of the root tip (Aida et al., 2004) . Given that this set of factors for stem cell patterning is plant specific, are there more general players that influence all stem cell populations? New data suggest that stem cell maintenance is exquisitely sensitive to the activity of the retinoblastoma protein and its signaling pathway, which act downstream of cues that specify quiescent cell fate. The retinoblastoma pathway has been implicated in mammalian stem cell proliferation (Liu et al., 2004) , suggesting that divergent patterning mechanisms for somatic stem cells in plants and animals may be connected to similar stem cell maintenance factors.
Thomas Laux (Freiburg University) discussed stem cells in the plant shoot apical meristem that give rise to leaves, stems, and flowers. Laux pointed out that shoot stem cells are a subpopulation of a larger set of undifferentiated cells within the meristem. Stem cells are maintained by an underlying organizing center that expresses the WUSCHEL (WUS) gene, which encodes a transcription factor required for organizer function (Mayer et al., 1998) (see Figure 1) . WUS controls transcription of a gene encoding the small protein CLA-VATA3 (CLV3) that is only expressed in the stem cells that overlie the organizer; CLV3 represses the expression of WUS (Schoof et al., 2000) . Laux reported that WUS needs additional inputs to activate CLV3 transcription during embryonic initiation of the stem cell niche. To search for common regulatory mechanisms between the shoot and root meristem niches, Laux and his collaborators analyzed the function of WOX5, a WUS homolog expressed in quiescent cells of the root. Subtle defects observed in wox5 mutants indicate a role in quiescent cell specification and stem cell maintenance that is analogous to the role of WUS in the shoot. In addition, transcription of the WOX5 gene is dependent on root patterning genes. These findings reveal similarities between the stem cell organizers of the root and shoot.
Dynamic Interactions between Stem Cells and Their Organizers
In animals, at least a subset of well-characterized stem cell niches contain fixed organizer cells. In contrast, plant stem cell systems appear to be more dynamic. Robert Sablowski (John Innes Centre, Norwich, United Kingdom) and his group are investigating aspects of "stemness" that are shared by animals and plants. They have used gene profiling to identify new genes enriched in the stem cells of shoot apical meristems and in stem cell populations of the mouse. Using PSI-BLAST analysis, certain genes emerged whose expression is shared by both plant and animal stem cells. Annotation of these genes revealed that they encode cell-cycle regulators, DNA-repair proteins, and chromatin-remodeling factors. One of the more intriguing of these shared genes encodes an essential protein with a functional thioredoxin domain expressed in inflorescence and root meristems. Sablowski's group is now investigating whether this protein, which might protect against oxidative stress, is an essential feature of stem cells. Willy Gruissem (ETH Zürich) described the phenotypes conferred by null alleles of the RETINOBLASTOMA RELATED (RBR) gene (Ebel et al., 2004) . He pointed out similarities to PRC2 complex mutants and demonstrated that the MSI1 protein, which interacts with the retinoblastoma protein, resides in the PRC2 complex (Kohler et al., 2003) . MSI1 also forms a complex with the chromatin assembly factor subunits FAS1 and FAS2, which are required for maintenance of expression of patterning genes in shoot and root stem cell organizers (Kaya et al., 2001 ). Gruissem also described fas mutants, which exhibit defects in S phase-related transcription and euchromatin compaction. Together with data on root stem cell sensitivity to RBR activity, these observations reveal connections between chromatin remodeling, the Retinoblastoma protein pathway, and plant stem cell maintenance. The striking possibility is that these factors all contribute to stem cell regulation through epigenetic modifications. Over the last 13 years, the Juan March Foundation has hosted 205 scientific conferences on a wide range of topics for scientists from around the world. The meetings are always limited to 50 participants to encourage dialog and discussions that complement the formal presentations. Everyone fortunate enough to have attended one of these meetings enjoyed the interactive and convivial atmosphere, and the scientific enterprise in Spain and worldwide has benefited. The Juan March Foundation has decided to redirect its funding to other projects, although some of the newly developed "Cantoblanco Workshops on Biology" organized by Spanish research centers are still sponsored by the Foundation. Hopefully, other funding agencies will take up the challenge, enabling continuation of these highly interactive and compelling meetings.
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